Abstract Stachys floridana schuttl. E x benth, also named yinmiao, is a special and traditional Chinese vegetable that is usually used by some diabetes patients as a pharmaceutical plant for its high content of stachyose. Due to the lower cost and higher economic reward, Stachys floridana schuttl. Ex benth is a potentially new source to extract stachyose in the medicine and food industry. Here we optimized the extraction of stachyose from Stachys floridana schuttl. Ex benth by response surface methodology, the yeild can reach as high as up to 47.0% of stachyose at temperature of 60°C, extraction time of 40 min, ethanol volume of 60% and ratio of solid-liquid at 1:10. Our primary result holds great promising for Stachys floridana schuttl. Ex bent extracting industry as well as diabetic medicine.
Introduction
Stachyose is a non-reducing tetrasaccharide consisting of one glucose, one fructose and two galactoses molecules (Pukacka et al. 2009; Yin et al. 2006) . It is commonly highly reserved in the vegetative storaged organs and seeds of plants (Muzquiz et al. 1999) . It can be acted as important freezing protectant in the roots in winter (Regier et al. 2010) . Stachyose belongs to a classic member of raffinose family oligosaccharides (RFOs; raffinose, stachyose, and verbascose) (Dierking and Bilyeu 2009) . Because humans and monogastric animals do not possess the α-galactosidase enzyme to break down these oligosaccharides (Csáky and Fekete 2004) , it is not digested by monogastric animals in the small intestine. Instead, it enters the lower gut and be fermented by gas-producing bacteria. A considerable amount of gas (mainly containing carbon dioxide, hydrogen and methane) is produced from the formation of flatulence, which makes α-galactosides considered as arduous factors (Muzquiz et al. 1999) .
However, stachyose is proved to be a prebiotics (Gibson and Roberfroid 1995; Seo et al. 2007; Rabelo et al. 2009 ), which can stimulate the growth of bifidobacteria in the human and animal intestine and protect the function of organs by eliminating harmful substances (Grmanová et al. 2010; Rada et al. 2002 and Liying et al. 2003) . It is also regarded as a potential substitute for sugar in diabetes patients (Yin et al. 2006; Zhang et al. 2004) . Therefore, stachyose has been approved as the special health care foods by many countries (Yin et al. 2006) .
Stachys floridana Schuttl. ex Benth (SFSEB), a kind of Stachys sieboldii Miq, is a special and traditional Chinese vegetable usually used as food and pharmaceutical plant due to the high stachyose content. It mainly originates from Yanshi city, located in North China, which occupies over 95% of the output of Stachys floridana schuttl in China. It is a potentially new raw material which can be used to extract stachyose in industry due to its better economic output.
The objective of this study was to investigate the effect of extraction time, extraction temperature, ethanol volume, and the ratio of solid-liquid on percentage of stachyose extraction, as well as to optimize the condition of the stachyose extraction using response surface methodology (RSM). An empirical statistical technique would be employed for multiple regression analysis by using quantitative data obtained from properly designed experiments to solve multivariate equations simultaneously (Li et al. 2009; Shafiq et al. 2010; Jain et al. 2011 ).
Material and methods
Samples and sample preparation The sample SFSEB was purchased from the supplier in Yanshi city in Henan province, China. The fresh SFSEB were selected, washed, and dried at 60°C for 18 h, then smashed into dry superfine powder.
Reagent and working standard curve Analytical grade stachyose, sucrose, and raffinose (all contents >99%) were obtained from Sigma-Aldrich (Missouri, USA). Stock standard solutions of stachyose, sucrose, and raffinose were prepared at a concentration of 2.0 mg/ml and stored at 4°C in the refrigerator. The standard solutions were prepared as needed in distilled water. The standard curve of stachyose was shown as a straight line by HPLC analysis, with the regressive equation of
x was peak area of stachyose, y was concentration of stachyose, and coefficient of (R 2 ) =0.9995. All of the sample solutions were filtered through a 0.45 μm Millipore membrane filter before the HPLC analysis.
Extraction of Stachyose The reflux defatting technique was considered in the laboratory in order to improve the defatting effects and decrease the effect of fat on the stachyose yield. And previous studies showed that chloroform may be used as defating agent in reflux defatting technique (Cohen et al. 2009; Schober et al. 2010) . Here, dried powder of SFSEB (5.0 g) was placed into 50 mL of chloroform and refluxed for 2 h at 60°C for defatting. The solvent was then removed by filtration and the defatted residue was extracted by different concentrations of ethanol and refluxed at a designed time, temperature and ratio of solid-liquid. The mixture was filtered and the supernatant, as the crude extraction solution of stachyose, was analyzed by the HPLC system. HPLC analysis Stachyose was analyzed by using an HPLC system equipped with RI detector. 20 μL sample was loaded on to a Hypersil NH 2 column (250 mm×4.6 mm i.d.,Thermo Fisher Scientific, USA). A mixture of acetonitrile and water (70:30v/v) was used as a mobile phrase with a flow rate of 1.0 mL/min. The temperature of the column was set at 25°C. The yield of stachyose was calculated from the peak area and its regressive Eq. 1.
Experimental design for single factor and response surface methodology The aim of single factor tests was to optimize the main effective factors and the better ranges of parameters for RSM (Table 1) . Here, the single factor were extraction temperature, extraction time, ethanol volume and the ratio of solid-liquid, respectively. And their ranges for RSM were as follows: extraction temperature (X 1 ) ranged from 50°C to 70°C; time (X 2 ) ranged from 30 to 50 min; ethanol volume (X 3 ) ranged from 50 to 70%; the ratio of solid-liquid ranged from 1:8 to 1:12. The coded and corresponding uncoded independent variables used in the RSM design were listed in Table 2 .
A central composite design of Box-Behneken was used to investigate the effects of the four independent variables on the yield of stachyose (Y). The independent variables were coded at three levels (−1, 0, 1). The whole design consisted of 29 experimental points, including five replications of the center points (all variables were coded as zero) and 24 factorial points (Table 3 ). The 29 sets of experiments were performed in a random order. The purpose of the center points was to estimate the pure error and curvature.
Statistical analysis All analyses were performed in triplicate. Mean values being compared were considered to be Table 1 The results of single factors on the yield of stachyose significantly different if the p-value was less than 0.05. All statistical evaluations of response surface methodology were done with the statistical software Design-Expert 6.0.5.
Results and discussion
HPLC analysis of stachyose The crude extraction solution of stachyose was analyzed with HPLC after chloroform defatting under different extraction conditions. The content of water in mobile phase showed a great effect on the retention time of the carbohydrates. Lower content of water in mobile phase results in a longer retention times for the carbohydrates. However, the peak in the chromatogram became broad and asymmetric when the content of water was below 10% (v/v) (Yin et al., 2006) . After testing several solvent systems, a solvent mixture of acetonitrile-water (70: 30v/v) with a flow rate of 1.0 mL/min was chosen, and the retention times were 6.8 min for sucrose, 8.9 min for raffinose and 12.3 min for stachyose, respectively ( Fig. 1 ). It should be mentioned when the column temperature or mobile phase changed within a small range, the baseline still remained flat and stable, and the responses of the oligosaccharides were not obviously influenced. Under the selected conditions of 20 μL of the standard mixed solution injected into the HPLC system at 25°C, the Hypersil NH 2 column could provide good separation for stachyose, sucrose and raffinose from the extracts within 15 min, with no other interfering peak presented near the peak of the analyte. According to the relationship in double logarithmic of peak areas versus sample concentrations, the contents of the stachyose in dry tubers of yinmiao could be calculated and the results were shown in Table 3 .
The results and analysis of single factors The effects of each extraction factor on the yield of stachyose were shown in Table 1 , where Y (%) was the yield of stachyose. When one factor was investigated, other independent variables were kept constant. At extraction temperature of 60°C, extraction time of 40 min, ethanol volume at 60% and the ratio of solid-liquid of 1:10, respectively, the extraction yield arrived at maximum value. Thus, the parameters of the central points of RSM were determined as the above. Model fitting Experimental set and corresponding experimental data obtained were shown in Table 3 . The analysis of variance (ANOVA) was also performed and the results were given in Table 3 . In Table 4 , a summary of the ANOVA (F-test) and p-value, was used as a means to check the significance of each coefficient and indicated the interaction strength between each parameter. In the present experiment, the model F-value of 13.5 implied that the model was significant. While, the "Lack of fit F-value" of 1.9 implied that the "Lack of fit" was less obvious than the pure error. There was a 28.72% chance that a "Lack of fit Fvalue" could occur. Non-significant lack of fit was good. The coefficient of determination (R 2 ) and adjusted coefficient of determination (Adj.R 2 ) were 0.931 and 0.862, respectively. High values of R 2 (93.1%) and adj R 2 (86.2%) indicated a high dependence and correlation between the observed and the predicted values of response. In addition, the value of R 2 = 93.1% also indicated that the total variation can be explained by this model.
Multivariable linear regression was used to estimate the coefficients on the second-order polynomial equation and the obtained regression coefficients, where the significance was determined using the Student t-test and p-value, and summarized in Table 5 . The corresponding variable would be more significant if the absolute value of t increase and the p-value decreases (Wei et al. 2009 ).
For the present experiments, the model terms are significant when values of p was less than 0.050, therefore x 3 , x 4 , x 1 2 , x 2 2 , x 3 2 , x 4 2 , x 3 x 4 were observed as significant model terms. The results showed that x 3 , x 4 were the key impact factors on the yield of stachyose (p=0.001, p= 0.006, respectively). The effective order of test variables on the yield of stachyose was as follows: x 4 >x 3 >x 1 >x 2 .
The second-order polynomial model was used to express the stachyose yield (Y) as a function of independent variables (Modha and Pal 2011) 
From Table 4 and Eq. 2, it can be seen that the factors with the largest effect on the yield were the quadratic term of time, temperature, ethanol volume, and ratio of solidliquid (p<0.001). All the second-order terms had positive effects on yield. From all the results, it had been proved that the model was fully applicable.
Analysis of response surfaces Response surfaces were drawn to determine the individual and interactive effect of test variable on rate of extraction (Chakraborty et al. 2011) . Response surface graphs were plotted between two independent variables while the remaining independent variables were kept at the zero coded level. The relationship between variables was illustrated by these response surface plots (Lu et al. 2008) . The contour map could indicate the interaction strength in which the ellipse represented significance and the rotundity in verse.
Previous studies showed that the heat treatment could increase the swelling degree of materials and the movement speed of molecules. But by using this method, some unwanted components might diffuse into the solution (Ruiz-Matute et al. 2007; Sanz et al. 2001) . When the extraction temperature is too low (under 50°C), the materials do not dissolve fully. As a result, stachyose would not obtain enough energy to free themselves from the chemical bonds such as hydrogen bonding and Van Der Waals force. On the other hand, when the extraction temperature is too high (above 70°C), the molecular movement of ethanol becomes too fast, shortening the contact time between stachyose and ethanol which leads to the stachyose solubility decreased. Here, Y is the highest at the extraction temperature of 60°C. The effects of the four factors as well as their interactive effect on the extraction rate were shown in Fig. 2 . Figure 2a denoted the three dimensional surfaces plots of effect of extraction temperature (x 1 ) and extraction time (x 2 ) on response: when the extraction temperature (from 50 to 70°C
) and the extraction time (from 30 to 50 min) increased, Y gradually mounted up to the highest value (59.6°C and 39.6 min, respectively), and decreased gradually. Its contour map was close to rotundity, indicating no significant interaction.
When the extraction time increased, Y gradually mounted up to the highest value (40 min), and then decreased gradually. One possible reason is that the materials are not dissolved and the cell membrane is not disrupted fully in shorter time (Sogi et al. 2010) . So, the intracellular components are not released totally, which causes a lower yield of stachyose. With the extension of time, increased ethanol concentration would help more stachyose molecules diffuse into the solvent. However, the yield of stachyose would decrease at higher temperature and longer extraction time due to slight increase in hydrolysis of the stachyose,increasing the yield of monomer sugars after heat treatment. Palm and Zacchi (Palm and Zacchi 2003) studied the effect of extraction performed at different extraction temperature and extraction time on hemicellulosic oligosaccharides from spruce. They also observed that the higher temperature and longer treating time are related to the hydrolysis of the oligosaccharides. In addition, when the extraction time is longer, the energy consumption and the investment cost of the actual production would also increase, which is detrimental to the actual production.
The trend of the results with the three dimensional surface plots by interaction of extraction temperature (x 1 ) and ethanol volume (x 3 ) (Fig. 2b) , extraction temperature (x 1 ) and ratio of solid-liquid (x 4 ) (Fig. 2c) , extraction time (x 2 ) and ethanol volume (x 3 ) (Fig. 2d) , extraction time (x 2 ), and ratio of solid-liquid (x 4 ) (Fig. 2e) were the same, which indicated that there was no significant interaction. While the interaction of ethanol volume (x 3 ) and ratio of solidliquid (x 4 ) (Fig. 2f) was significant for the contour map was close to ellipse, the p-value was only 0.0002. When ethanol volume was 59.6%, and the ratio of solid-liquid was 1:10.6, the stachyose yield was the highest.
When the ratio of solid-liquid was at 1:10, Y was the highest in the study. The effect of the ratio of solid-liquid on the yield was very significant (p=0.001, p<0.05). When the ratio was lower (1:8), the contact opportunity of the superfine powder and solvent became less and the stachyose residues were much higher in the solid phase, Y was lower. The higher concentration solvent (1:10) was useful in the diffusion of the stachyose. But when the ratio of solid-liquid increased sequentially (1:12), it would decrease the yield of stachyose due to larger amount of solvent.
Solvent extraction is a classical method for the extraction of oligosaccharides. In this study, when the ethanol volume was 30-50%, Y was found to be lower. It is probably due to some more contaminated components in water-extractable fractions than the alcohol extracted ones. The waterextractable oligosaccharides are also easier to undergo hydrolysis to form monosaccharide (Hromádková et al. 1999) . In addition, Y mounted up to the highest value at 60% of the ethanol volume here. It was possible that some precipitates (such as protein and polysaccharides) that are formed by the higher ethanol concentration might hinder the stachyose from diffusing into the alcohol solution. The result obtained from the experiment is the same as the study of Ekvall et al. (Ekvall et al. 2007) . It was noticed that the volume of ethanol is closely related to the yield of stachyose, which in turn proves that ethanol concentration is another key impact factor on the stachyose extraction (p=0.006, p<0.05).
Optimization and verification Based on the above, the predicted optimal conditions for stachyose yield were as follow: extraction temperature of 59.6°C, extraction time of 39.6 min, ethanol volume of 59.6%, and the ratio of solid-liquid at 1:10.6. The predicted stachyose yield was 47.4%. But in terms of the actual production, it was difficult to control these optimum conditions. Fortunately, these factors were close to the central point. In order to operate conveniently, the optimum conditions for extracting stachyose from yinmiao were regulated as follows: extraction temperature of 60°C, extraction time of 40 min, ethanol volume of 60%, and the ratio of solid-liquid at 1:10. Therefore the mean experimental values of the five replications on the optimum were 47.0%, where the error was at 1.2%.
Previous studies show that soybean holds high content of the stachyose, and it was identified as the exclusive source of stachyose (Grmanová et al. 2010) . However, through our designed protocal, stachyose could be extracted from yinmiao, and the yield of stachyose is 46.99% by RSM. So yinmiao can be new potentical source of stachyose in industry due to its lower cost and higher economic efficiency. 
Conclusion
The factor of extraction conditions including extraction temperature, extraction time, the ethanol volume, and the ratio of liquid-solid on the yield of stachyose was investigated here. The results of RSM were used to identify a mathematical statistical relationship between explanatory variable levels and the response and to optimize the system response. The model of the multivariable linear regression is more significant in the study as compared to the "Lack of fit F-value" of the analysis of variance. All of these results indicat that RSM was successfully applied to determine the optimum factors for stachyose extraction. The experimental values match well with the predicted data. The ethanol volume and the ratio of liquid-solid are the key impact factors of the yield of stachyose. The effective order of test variables on the yield of stachyose was determined as follows: the ratio of liquid-solid>ethanol volume>the extraction temperature>the extraction time. The requirements and conditions of extracting stachyose from yinmiao were as follows: extraction temperature of 60°C, extraction time of 40 min, ethanol volume of 60%, and ratio of solidliquid at 1:10. The extraction yield of stachyose was measured at as high as 47.0% under these optimized conditions.
